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Summary
Background.  —  Primary  percutaneous  coronary  intervention  (PCI)  is  the  preferred  management
for patients  with  acute  ST-segment  elevation  myocardial  infarction  (STEMI)  if  performed  in  a
timely manner  by  experienced  providers.  Patients  can  access  a  PCI  facility  by  three  routes:
prehospital  STEMI  diagnosis  by  emergency  medical  services  (EMS)  and  direct  transport  by  EMS
to a  PCI  facility  (EMS-PCI);  visit  to  a  hospital  emergency  department  (ED)  followed  by  referral
to an  on-site  PCI  facility  (ED-PCI);  or  transfer  from  the  ED  to  a  PCI  facility  in  another  hospital
(ED-transfer-PCI).
Aims. —  To  assess  the  implementation  rate  in  France  of  the  guidelines  recommending  that  STEMI
patients be  transported  by  EMS  to  a  PCI  facility  and  to  compare  the  times  between  symptom
onset and  PCI  for  these  three  routes.
Methods.  —  We  used  the  results  of  the  pilot  testing  of  a  national  quality  indicator  programme
on STEMI  in  64  hospitals,  providing  data  on  patient  characteristics,  referral  route  and  symptom-
onset-to-needle  time.  We  compared  delays  for  each  route  in  a  Cox  proportional-hazard  model.
Results.  —  In  a  population  of  1217  patients,  median  symptom-onset-to-needle  time  was
186 minutes  (Q1  133;  Q3  292)  for  the  EMS-PCI  route,  237  minutes  (Q1  165;  Q3  368)  for  the
ED-PCI route  and  305  minutes  (Q1  230;  Q3  570)  for  the  ED-transfer-PCI  route.  A  total  of  70.8%  of
Abbreviations: AMI, acute myocardial infarction; ED, emergency department; EMS, emergency medical services; HR, hazard ratio; PCI,
ercutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
∗ Corresponding author.
E-mail address: Henri.leleu@igr.fr (H. Leleu).
875-2136/$ — see front matter © 2013 Elsevier Masson SAS. All rights reserved.
ttp://dx.doi.org/10.1016/j.acvd.2012.12.003
Symptom-to-needle  times  in  ST-segment  elevation  myocardial  infarction  163
patients  were  transported  by  EMS  as  recommended.  After  adjustment  for  age,  symptom  onset
period (weekends/nights)  and  history  of  cardiovascular  disease,  the  EMS-PCI  route  was  associ-
ated with  the  shortest  symptom-onset-to-needle  times.  The  hazard  ratio  was  0.71  [0.59—0.86]
for the  ED-PCI  route  and  0.67  [0.52—0.86]  for  the  ED-transfer-PCI  route.
Conclusion.  —  STEMI  patients  receive  prompter  care  after  prehospital  diagnosis  and  direct  trans-
port to  a  PCI  facility  by  EMS  than  by  visiting  a  hospital  ED.  Use  of  this  referral  route  should  be
further encouraged  in  France  as  approximately  one-third  of  STEMI  patients  are  still  presenting
directly to  the  ED.
©  2013  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  La  prise  en  charge  de  l’infarctus  du  myocarde  (IDM)  sur  la  mise  en  œuvre  d’une
stratégie de  reperfusion  coronaire  la  plus  précoce  possible,  en  générale  par  angioplastie  si
elle peut  être  accomplie  à  temps  par  des  opérateurs  entraînés.  En  France,  plusieurs  ﬁlières  de
prise en  charge  ont  été  identiﬁées.  La  ﬁlière  recommandée  s’appuie  sur  l’appel  au  samu-centre
15, déclenchant  l’envoi  d’un  effecteur  qui  effectue  un  diagnostic  pré-hospitalier  et  amène  le
patient dans  un  établissement  hospitalier  avec  une  salle  de  coronarographie  diagnostique  et
interventionnelle  (SCDI).  Cependant,  d’autres  ﬁlières  existent.  En  effet,  certains  patients  se
présentent directement  aux  urgences  des  établissements  hospitaliers  et  sont  soit  pris  en  charge
dans l’établissement  lorsque  celui-ci  dispose  d’une  SCDI,  soit  transféré  dans  un  établissement
en disposant.
Objectifs.  —  L’objectif  de  cette  étude  est  de  comparer  les  délais  de  prise  en  charge  entre  les
symptômes  et  la  ponction  d’angioplastie  selon  la  ﬁlière  empruntée  par  le  patient.
Méthodes. —  Les  données  issues  de  l’évaluation  de  la  qualité  de  la  prise  en  charge  de  l’IDM  dans
64 établissements  hospitaliers  ont  été  utilisées.  Celles-ci  comportaient  les  caractéristiques  des
patients prises  en  charge,  les  ﬁlières  suivies,  et  les  délais  de  prise  en  charge  déﬁnis  comme  le
délai entre  les  symptômes  et  la  ponction  d’angioplastie.  Les  ﬁlières  ont  été  comparées  à  l’aide
d’un modèle  à  risque  proportionnel.
Résultats.  —  Parmi  les  1217  patients  inclus,  le  délai  moyen  de  prise  en  charge  était  de
186 minutes  (Q1  133  ;  Q3  292)  pour  la  ﬁlière  recommandée  comparée  à  237  minutes  (Q1  165  ;  Q3
368) et  305  minutes  (Q1  230  ;  Q3  570)  pour  les  patients  se  présentant  directement  aux  urgences
respectivement  d’un  établissement  hospitalier  avec  et  sans  SCDI.  Au  total,  70,8  %  des  patients
ont suivi  la  ﬁlière  recommandée.  Après  avoir  ajusté  sur  l’âge,  la  période  de  prise  en  charge
(week-end et  nuit)  et  les  antécédents  cardiovasculaires,  la  ﬁlière  recommandée  était  asso-
ciée au  délai  de  prise  en  charge  le  plus  court  comparé  aux  ﬁlières  passant  par  les  urgences
des établissements  avec  et  sans  SCDI  (Hazard  ratio  de  0,71  [0,59—0,86]  et  0,67  [0,52—0,86]
respectivement).
Conclusion.  — Les  patients  pris  en  charge  dans  la  ﬁlière  recommandée  rec¸oivent  des  soins  plus
précoces  comparés  aux  autres  ﬁlières.  Cependant,  dans  notre  étude,  un  tiers  des  patients  n’ont
pas suivi  la  ﬁlière  recommandée,  ce  qui  suggère  que  davantage  d’efforts  d’éducation  doivent
être fait  auprès  de  la  population.
© 2013  Elsevier  Masson  SAS.  Tous  droits  réservés.
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Primary  percutaneous  coronary  intervention  (PCI)  is  the  pre-
ferred  management  strategy  for  patients  with  ST-segment
elevation  myocardial  infarction  (STEMI)  if  it  can  be  per-
formed  in  a  timely  manner  by  experienced  providers;  the
shorter  the  delay  to  PCI,  the  higher  the  likelihood  of  sur-
vival  [1—3]. It  is  therefore  essential  that  patients  with  STEMI
symptoms  be  diagnosed  and  referred  to  a  PCI  facility  as
quickly  as  possible.  In  international  studies,  prehospital
STEMI  diagnosis  and  direct  access  to  a  PCI  facility  reduced
delays  and  improved  clinical  outcomes  [4—6].
In  France,  patients  with  symptoms  of  STEMI  can  be
referred  to  a  PCI  facility  by  calling  an  emergency  phone
number  and,  on  instructions  from  the  call-centre  physician,
s
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ce transported  directly  to  a  PCI  facility  by  the  emer-
ency  medical  services  (EMS).  A  mobile  intensive  care
nit  manned  by  a  nurse  and  emergency  physician  who
an  carry  out  the  prehospital  diagnosis  of  STEMI  is  dis-
atched  on  site.  Alternatively,  patients  can  arrive  directly
t  the  emergency  department  (ED)  of  a  nearby  hospi-
al  for  a  diagnosis  of  STEMI.  From  there,  they  can  be
eferred  to  an  on-site  PCI  facility,  if  available,  or  be
ransferred  to  a  PCI  facility  in  another  hospital.  Current
uidelines  recommend  that  patients  call  the  emergency
umber  in  order  to  be  transported  by  the  mobile  inten-
ive  care  unit  to  the  closest  available  PCI  facility  [7].  To
ur  knowledge,  however,  no  studies  have  compared  times
aken  to  access  PCI  by  each  of  these  routes  in  the  French
ontext.
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The  results  of  the  pilot  testing  of  the  national  quality  indi-
ator  programme  for  STEMI  care  provide  the  opportunity  to
onﬁrm  that  prehospital  diagnosis  leads  to  reduced  delays  in
rance.  Furthermore,  it  provides  an  evaluation  of  the  imple-
entation  rate  in  France  of  the  guidelines  [7]  recommending
hat  STEMI  patients  be  transported  by  EMS  to  a  PCI  facility.
ethods
ontext
he  Haute  Autorité  de  Santé  is  currently  implementing  a
ational  indicator  programme  on  quality  of  care  for  several
athologies,  including  STEMI.  A  pilot  test  of  the  STEMI  qual-
ty  indicators,  developed  by  COMPAQHPST  [8],  the  Haute
utorité  de  Santé  and  the  French  College  of  Cardiology,  took
lace  in  2010  in  a  sample  of  French  hospitals.  A  total  of
4  PCI-capable  volunteer  hospitals  took  part  in  the  quality
ssessment  (16  public  teaching  hospitals,  27  public  general
ospitals,  21  private  hospitals).  The  hospitals  were  located
hroughout  France.
tudy population
ur  study  was  based  on  data  obtained  during  the  assess-
ent  of  the  quality  of  care  delivered  to  patients  with  acute
yocardial  infarction  (AMI)  in  the  hospital  sample.  Patients
ere  included  in  our  study  if  they  were  diagnosed  with
TEMI,  if  <  12  hours  had  elapsed  from  symptom  onset  to  diag-
osis  and  if  they  underwent  primary  PCI.  Patients  were
xcluded  if  the  PCI  referral  route  and  data  for  calculat-
ng  symptom-onset-to-needle  time  had  not  been  recorded
n  their  ﬁle.  For  eligibility,  patients  had  to  be  hospital-
zed  for  >  24  hours  in  2010  with  a  diagnosis  of  AMI  (diagnosis
odes  I21  or  I22  ICM-10).  A  random  sample  of  80  patient
les  was  selected  in  each  hospital  or,  if  there  were  fewer
han  80  ﬁles  available  in  any  hospital,  all  available  ﬁles
ere  selected.  The  sample  size  was  chosen  to  limit  the  bur-
en  of  data  collection  [9].  Anonymized  data  were  collected
etrospectively  from  the  ﬁles  by  hospital  staff.  Informed
onsent  was  waived  because  the  data  were  analysed
nonymously.
easures
he  primary  endpoint  was  time  elapsed  between  STEMI
ymptom  onset  and  PCI  needle  time  (‘‘symptom-onset-to-
eedle  time’’)  for:  direct  transportation  to  a  PCI  facility  by
MS  (EMS-PCI);  referral  by  the  ED  to  an  on-site  PCI  facil-
ty  (ED-PCI);  and  transfer  from  ED  to  PCI  facility  in  another
ospital  (ED-transfer-PCI).
We  deﬁned  needle  time  as  the  time  of  the  arterial
uncture  for  PCI.  Symptom-onset-to-  contact  and  contact-
o-needle  times  were  calculated  for  the  EMS-PCI  and  ED-PCI
outes,  considering  ﬁrst  medical  contact  time  as  EMS  arrival
ime  or  patient  arrival  time  at  the  hospital  ED  (data  unavail-
ble  for  ED-transfer-PCI  route  patients).  Other  recorded
ariables  were  patient  age,  period  of  onset  (weekends
Saturday  or  Sunday]  or  nights  [6.00  pm  to  8.00  am  on
ollowing  day])  and  history  of  cardiovascular  disease  as
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iven  by  any  ongoing  antiplatelet  treatment  (aspirin  or
lopidogrel).
tatistical analysis
ontinuous  variables  are  reported  as  means  with  standard
eviations  and  categorical  variables  as  numbers  with  per-
entages.  Times  are  given  as  medians  with  ﬁrst  and  last
uartiles.  Differences  in  patients’  characteristics  between
ncluded  and  excluded  patients  and  between  referral  routes
ere  tested  by  univariate  analysis  using  Student’s  t  test  or
earson’s  chi-square  test,  as  appropriate.
We  ﬁrst  analysed  symptom-onset-to-needle  time  using
he  PCI  referral  route  as  covariate  in  a  Cox  proportional-
azard  model  after  stratiﬁcation  on  the  hospital  where  PCI
as  performed.  Analyses  were  adjusted  for  age,  weekend  or
ight  onset  and  history  of  cardiovascular  disease.  No  data
ere  censored  as  all  patients  underwent  PCI.  We  calcu-
ated  a  point  estimate  and  two-sided  95%  conﬁdence  interval
or  the  hazard  ratio  (HR).  We  then  added  symptom-onset-
o-contact  time  for  the  EMS-PCI  and  ED-PCI  routes  as  a
ovariate  to  the  model.
We  also  tested  for  potential  differences  in  symptom-
nset-to-needle  time  and  symptom-onset-to-contact  time
etween  hospital  status  and  activity  level  using  Student’s
 test.
All P  values  are  two-sided.  A  P  value  <  0.05  was  consid-
red  signiﬁcant.  We  used  SAS  software,  version  9.2  (SAS
nstitute,  Cary,  NC,  USA).
esults
haracteristics of patients and features of
TEMI
 total  of  4290  patients  with  a  diagnosis  of  AMI  were  ran-
omly  selected  for  a  quality  of  care  assessment  in  the
4  participating  hospitals.  Of  these  4290  patients,  only
754  met  the  inclusion  criteria  (diagnosis  of  STEMI,  time
f  symptom  onset  or  interval  between  onset  and  diagno-
is  <  12  hours,  PCI  as  primary  treatment).  Of  these  patients,
37  were  excluded  because  of  missing  data  (unavailable
ymptom-onset-to-needle  time  or  referral  route).  This  left
217  included  patients  (69%  of  eligible  patients)  for  the  anal-
sis.
Compared  with  the  537  excluded  patients,  the  1217
ncluded  patients  were  younger  (Table  1).  There  was  no  sig-
iﬁcant  difference  between  included  and  excluded  patients
n  terms  of  medical  history  of  cardiovascular  disease.  The
ercentage  of  patients  transported  directly  to  a  PCI  facility
y  EMS  was  higher  among  included  patients  (70.8%  vs  63.1%)
nd  the  percentage  making  their  way  to  the  ED  was  lower
Table  1).  A  higher  percentage  experienced  symptom  onset
t  weekends  (30.2%  vs  23.7%)  and  a  lower  percentage  at
ights  (50.9%  vs  70.6%).
Overall,  fewer  than  half  of  the  patients  had  a  contact-to-
eedle  time  <  90  minutes,  as  recommended  by  the  current
uidelines  (Table  2).  Patients  making  their  way  to  the  ED  and
eferred  to  an  on-site  PCI  facility  had  a  higher  percentage
f  contact-to-needle  time  <  90  minutes  (68.2%)  than  patients
ransported  by  EMS  to  a  PCI  facility  (56.4%).  However,
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Table  1  Included  and  excluded  patient  characteristics.
Included  patients
(n  =  1217)
Excluded  patients
(n  =  537)
P
Mean  age  (years)  63.1  ±  13.7  65.4  ±  14.9  0.001
PCI  referral  route
EMS-PCI 862  (70.8)  316  (63.1) 0.005
ED-PCI 192  (15.8) 106  (21.2)
ED-transfer-PCI 163  (13.4) 79  (15.8)
Onset  period
Weekend 367  (30.2) 127  (23.7) 0.005
Night  620  (50.9)  379  (70.6)  <  0.001
History  of  cardiovascular  disease
Yes  221  (18.2)  116  (21.6) 0.09
No  996  (81.8)  421  (78.4)
Data are mean ± standard deviation or number (%).
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Iwhen  considering  a  threshold  of  120  minutes,  no  differences
remained  between  the  EMS-PCI  and  ED-PCI  referral  routes
(76.5  vs  77.8;  P  =  0.13).
Delays according to referral route
Of  the  1217  included  patients,  862  were  transported  by  EMS
directly  to  a  PCI  facility,  192  were  referred  by  the  ED  to  an
on-site  PCI  facility  and  163  were  transferred  from  the  ED  to
another  hospital.  There  were  no  differences  in  patient  age,
period  of  symptom  onset  (weekend  or  night),  history  of  car-
diovascular  disease  or  referred  hospital  status  between  the
three  referral  routes  (Table  2).  Symptom-onset-to-needle
s
P
o
Table  2  Patient  characteristics  according  to  referral  route.
EMS-PCI
(n  =  862)
ED-P
(n  =  1
Mean  age  (years)  62.6  ±  13.4  59.6  
Onset  period
Weekend  262  (30.4)  56  (2
Night  433  (50.2)  111  (
History  of  cardiovascular  disease
Yes  167  (24.0)  28  (1
No  695  (80.6)  164  (
Referred  hospital  status
Teaching  261  (30.3)  57  (2
Non-teaching  public  324  (37.6)  86  (4
Private  277  (32.1)  49  (2
Contact-to-needle  timea
<  90  minutes  457  (56.4)  120  (
<  120  minutes  620  (76.5)  137  (
Data are mean ± standard deviation or number (%). ED: emergency de
coronary intervention.
a Sum of column is different from number of included patients becaus
b Time of ﬁrst medical contact not available for ED-transfer-PCI referrime was  lower  for  EMS  transport  than  for  on-site  referral
r  between-hospital  transfer  (median  time:  186,  237,  and
05  minutes,  respectively)  (Table  3).  Symptom-to-contact
ime  did  not  differ  between  patients  calling  the  EMS  and
hose  making  their  way  to  the  hospital  ED  (patient  sub-
roup  referred  to  an  on-site  PCI  facility)  (90  vs  135  minutes)
Table  3).
nﬂuence of referral route on
ymptom-onset-to-needle  time
CI  referral  route  was  an  independent  predictor  of  symptom-
nset-to-needle  time  after  adjusting  for  age,  period  of
CI
92)
ED-transfer-PCI
(n  =  163)
P
±  13.9  60.9  ±  15.0  0.21
9.2)  49  (30.1)  0.94
57.8)  76  (46.6)  0.08
7.1)  26  (19.0) 0.22
85.4)  137  (84.0)
9.7)  58  (35.6) 0.08
4.8)  50  (30.7)
5.5)  55  (33.7)
68.2)  —b <  0.001
77.8)  —b 0.13
partment; EMS: emergency medical services; PCI: percutaneous
e of missing data for time of ﬁrst medical contact.
al route.
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Table  3  Symptom-onset-to-needle  and  symptom-to-contact  times.
Symptom-onset-to-needle
time  (minutes)
P  Symptom-onset-to-contact
time  (minutes)
P
Hospital  status
Teaching  (n  =  16)  271  (253—333) 0.31 149 (129—166) 0.70
Non-teaching  public  (n  =  25) 250  (199—307)  151  (111—185)
Private  (n  =  21) 291 (225—338)  155  (131—96)
Activity  level  (cases  per  year)
0—55  238 (195—335) 0.35 183 (116—251) 0.12
56—121  250 (219—287) 140  (128—170)
122—184  301  (216—328)  153  (109—183)
185—434  280  (258—370)  149  (135—165)
Referral  route
EMS-PCI  186  (133—292) 0.002 90 (50—180) 0.15
ED-PCI 237 (165—368) 135  (63—228)
ED-transfer-PCI 305 (230—570) Data  NA
Data are median (Q1—Q3). ED: emergency department; EMS: emergency medical services; NA: not available; PCI: percutaneous coronary
intervention; Q1: ﬁrst quartile; Q3: last quartile.
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aymptom  onset  and  history  of  cardiovascular  disease.  With
he  EMS-PCI  route  taken  as  the  reference  route,  the  adjusted
R  for  the  ED-PCI  route  was  0.77  and  for  the  ED-transfer-
CI  route  was  0.67  (Table  4).  Patients  turning  up  at  the
D  (with  or  without  transfer)  accessed  PCI  later  than  those
ransported  by  EMS.  The  PCI  referral  route  remained  an
ndependent  predictor  of  symptom-onset-to-needle  time
ven  after  adjustment  for  symptom-onset-to-contact  time
adjusted  HR  for  ED  compared  with  EMS,  0.71)  (Table  4).
Hospital  status  and  activity  levels  were  not  associated
ith  differences  in  symptom-onset-to-needle  and  symptom-
o-contact  time  (Table  3).
iscussione  report  the  analysis  of  symptom-onset-to-needle  times
n  STEMI  for  different  referral  routes  to  a  primary  coronary
ntervention  facility  in  the  French  context.  In  our  data  set
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Table  4  Cox  proportional  hazard  model  for  symptom-onset-to
Hazard  ratio  [95%
Non-adjusted  
EMS-PCI  route  Reference
ED-PCI  route  0.77  [0.64—0.92]
ED-transfer-PCI  route  0.67  [0.52—0.86]
Age  0.99  [0.99—1.00]
Onset  during  weekend  1.05  [0.92—1.19]
Onset  at  night 0.75  [0.66—0.85]
History  of  cardiovascular  disease 1.08  [0.91—1.27]
Symptom-onset-to-contact  time —  
CI: conﬁdence interval; ED: emergency department; EMS: emergency m
a Transfer route excluded from analysis.f  1217  patients  admitted  to  hospital  with  STEMI  symptoms,
ymptom-onset-to-needle  time  was  strongly  associated  with
eferral  routes  of  access  to  a  PCI  facility.  STEMI  patients
ho  were  transported  by  EMS  to  a  PCI  facility  had  a
edian  symptom-onset-to-needle  time  of  186  (133—292)
inutes,  whereas  those  who  made  their  own  way  to  hospi-
al  experienced  delays  of  51—119  minutes  (they  accounted
or  approximately  one-third  of  patients  undergoing  primary
CI).
The  use  of  data  collected  for  quality  assessment  of  care
rovided  several  advantages  compared  with  an  ad  hoc  data
ollection  process  (i.e.  setting  up  a  dedicated  study).  Firstly,
lthough  the  information  needed  to  estimate  referral  route,
ymptom  onset  time  or  needle  time  is  not  routinely  avail-
ble  in  France,  it  was  available  in  the  quality  data  set.
econdly,  it  enabled  us  to  constitute  a  large  sample  at  no
dditional  cost/time  as  the  hospitals  had  already  collected
he  data  for  their  quality  improvement  process.  Finally,  in
ach  hospital,  the  data  were  extracted  from  patient  ﬁles
-needle  time.
 CI]
Adjusted  for  symptom-onset-to-contact  time
 0.71  [0.59—0.86]
 —a
 0.99  [0.99—0.99]
 1.03  [0.88—1.19]
 0.72  [0.63—0.83]
 1.02  [0.85—1.23]
0.99  [0.99—1.00]
edical services; PCI: percutaneous coronary intervention.
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wSymptom-to-needle  times  in  ST-segment  elevation  myocardi
by  trained  professionals  who  were  familiar  with  the  process
and  who  were  assisted  by  cardiologists,  according  to  precise
instructions  developed  to  ensure  the  reliability  of  quality  of
care  assessments.  Thus,  it  was  guaranteed  that  the  provided
observational  data  was  of  good  quality.
Our  results  thus  conﬁrm  in  the  French  context  the  shorter
delays  to  PCI  access  with  prehospital  STEMI  diagnosis  already
recorded  in  Italy  (>  45-minute  reduction)  and  in  Denmark  for
access  to  balloon  inﬂation  (91-minute  reduction)  [10,11]. As
reported  and  as  could  be  expected,  delays  were  longest  for
transfers  [12—15]. Despite  this  result,  we  observed  that  the
EMS-PCI  route  had  a  lower  percentage  of  patients  with  a
contact-to-needle  time  >  90  minutes,  as  per  current  guide-
lines,  compared  with  patients  making  their  way  to  the
ED  and  referred  to  an  on-site  PCI  facility.  The  difference
between  the  results  in  terms  of  the  EMS-PCI  route  being
better  for  onset-to-needle  time  and  the  ED-PCI  route  being
better  for  contact-to-needle  time  is  explained  by  a  larger
percentage  of  patients  in  the  EMS-PCI  route  group  receiv-
ing  PCI  within  90—120  minutes  of  ﬁrst  medical  contact.
Although  this  is  not  in  line  with  the  current  recommen-
dations,  which  require  patients  to  undergo  thrombolysis  if
estimated  contact-to-needle  time  is  >  90  minutes,  it  is  possi-
ble  that  EMS  physicians  prefer  taking  the  risk  of  going  slightly
over  the  90-minute  threshold  to  bring  their  patient  to  the  PCI
facility  instead  of  starting  thrombolysis  that  would  increase
the  EMS  transportation  time  with  risk  of  failure.
It  is  worthwhile  to  note  that  the  observed  times  for
patients  transported  by  EMS  in  our  study  were  lower  than
the  average  European  time  of  230  minutes  reported  in  the
Euro  Heart  Survey  programme  [14]. The  French  EMS-PCI
referral  route  characteristics  could  explain  these  shorter
delays.  Indeed,  the  emergency  physician  who  is  sent  by  the
EMS  with  the  mobile  intensive  care  unit  makes  prehospi-
tal  diagnosis  possible.  In  several  programmes,  regardless  of
whether  prehospital  diagnosis  is  made  by  an  on-site  qualiﬁed
physician  [5,6], an  off-site  physician  receiving  the  electro-
cardiogram  from  the  emergency  technicians  [4,16]  or  by
trained  emergency  technicians  [5,16,17],  it  has  been  associ-
ated  with  a  reduction  in  reperfusion  delay.  The  best  strategy
for  prehospital  diagnosis,  however,  remains  open  for  debate;
in  particular,  reperfusion  times  between  on-site  and  off-
site  prehospital  diagnosis  based  on  electrocardiograms  have
never  been  compared.  In  France,  physician-manned  mobile
units  are  sent  for  patients  with  a  suspected  STEMI  as  it
is  believed  that  quicker  care  can  be  delivered  in  case  of
complications,  including  cardiac  arrest  or  cardiogenic  shock.
The  French  EMS-PCI  referral  route  also  enables  the  ED  to
be  bypassed  and  advance  warning  of  the  imminent  arrival
of  a  patient  to  be  given  to  the  PCI  facility  by  the  EMS
physician.  Both  of  these  characteristics  reduced  time  to
reperfusion  in  the  North  Carolina  ED  study  [16], the  Door-
to-Balloon  campaign  [18]  and  the  National  Cardiovascular
Data  Registry-Acute  Coronary  Treatment  and  Intervention
Outcome  Network.
Study limitationsOur  study  has  four  potential  limitations.  Although  the
sample  of  participating  hospitals  included  institutions  of
different  size,  status  (public/private)  and  geographical  loca-
tion,  the  hospitals  actively  volunteered  to  participate  in
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he  quality  of  care  assessment.  Thus  the  symptom-onset-
o-needle  delays  may  have  been  shorter  in  these  voluntary
ospitals  than  in  others.  This  should  not,  however,  have
ffected  the  observed  differences  in  delay  between  referral
outes.
One-third  of  eligible  patients  were  excluded  because
f  missing  data.  Excluded  eligible  patients  differed  sig-
iﬁcantly  from  included  patients  in  several  respects.  We
ostulated  that  this  might  be  due  to  differences  in  the  qual-
ty  of  the  patient  medical  records,  as  data  were  obtained  by
etrospective  medical  record  extraction.  Indeed,  a  greater
roportion  of  patients  with  symptom  onset  at  night  were
xcluded,  as  recording  of  information  in  the  medical  record
ay  be  poorer  at  night.  On  the  other  hand,  a smaller  propor-
ion  of  patients  transported  directly  by  EMS  to  a  PCI  facility
ere  excluded,  probably  because  of  good  direct  commu-
ication  between  the  EMS  physician  and  the  PCI  staff  and,
onsequently,  better  recording  of  information  in  the  medical
ecord.  Overall,  the  effect  of  poor  versus  good  hospital  data
vailability  on  the  symptom-onset-to-needle  time  is  difﬁcult
o  predict.
Few  patient  variables  were  available  for  introduction
nto  our  analysis  because  our  data  source  included  variables
eeded  for  quality  of  care  assessment  only.  Use  of  random
ampling  and  stratiﬁcation  in  the  regression  analysis  reduced
he  likelihood  of  large  differences  in  patient  characteristics.
ndeed,  there  was  no  difference  in  the  distribution  of  patient
haracteristics  between  referral  routes.
We  could  not  assess  differences  in  mortality  rates
ccording  to  referral  route  because  our  quality  assessment
ata  included  only  process  and  not  outcomes  data.  Our
bserved  delay  of  51—119  minutes  was  within  the  range  of
1—120  minutes  for  which  a  mortality  rate  of  23.3%  has
een  estimated  [19]. Mortality  could  be  much  reduced  if
ll  patients  with  STEMI  symptoms  were  managed  by  EMS.
onclusion
ur  analysis  shows  that  quality  of  care  assessment  provides
 good  opportunity  to  assess  symptom-to-needle  times  in
TEMI  in  France  and  has  conﬁrmed  that  calling  the  EMS  in
rder  to  be  transported  directly  to  a  PCI  facility  is  the  quick-
st  way  to  access  primary  PCI  after  onset  of  STEMI  symptoms
n  the  French  context.  This  is  in  line  with  current  recom-
endations.  However,  30%  of  STEMI  patients  did  not  follow
he  recommended  referral  route  and  a substantial  amount
f  patient  transport  by  EMS  had  a contact-to-needle  time
reater  than  the  recommended  90-minute  threshold,  sug-
esting  that  more  effort  should  be  put  into  enforcing  the
ecommendation.  The  ﬁrst  result  of  the  national  STEMI  indi-
ator  programme  that  will  include  every  hospital  in  France
ill  provide  an  opportunity  to  further  examine  this  subject.isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
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